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INTRODUCTION 


This  report  summarizes  research  results  from  the  title  program,  which 
began  under  Contract  N-00014-75-C-1024  (6.1  partial  funding,  1  May  1975  to 
31  March  1981)  and  continued  under  Contract  N-00014-81-C-0682  (6.2  funding, 

1  April  1981  to  30  July  1983). 

Research  began  as  a  fundamental  study  of  polydimethylsilanes,  and  led 
to  improvement  of  their  solubility  properties  by  modification  with  other  alkyl 
groups.  Polysilane  block  copolymers  followed,  having  improved  solubility  as 
well  as  film-forming  properties.  The  successful  conversion  (by  Japanese 
researchers)  of  polydimethylsilanes  to  preceramic  polymers  and  ultimately  to 
silicon  carbide  (SiC)  ceramic  compositions,  including  fibers,  prompted  attempts 
at  converting  polymers  from  this  program  to  ceramics.  The  study  of 
vinylmethyldichlorosilane  (CH2=CHSiMeCl^)  as  a  monomer  culminated  in  the  pre¬ 
paration  of  a  variety  of  useful  organosilicon  polymeric  precursors  for  SiC,  in 
the  fundamental  understanding  of  the  structural  features  necessary  for  effective 
conversion  of  these  polymers  to  ceramics,  and  in  the  observation  of  fundamental 
differences  in  the  reactivities  of  the  active  metals  used  to  prepare  these 
polymers. 

Program  Achievements 

A  consistently  high  level  of  success  has  been  achieved  during  this 
program,  as  demonstrated  by  the  following  accomplishments. 

High  molecular  weight  polydimethylsilanes  were  prepared  by  dech¬ 
lorination  of  highly  purified  dimethyldichlorosilane  (Me2SiCl2)  with  sodium  (Na) 
or  sodium/potassium  (NaA)  alloy. 1  These  polymers  were  largely  crystalline, 
high  melting,  and  sparingly  soluble,  even  above  200°C  in  high  boiling  solvents. 

Solubility  properties  were  greatly  improved  via  polymers  prepared  from 
Na  dichlorination  of  mixtures  of  Me2SiCl2  with  either  ethylmethyldichlorosilane 
(EtMeSiCl2)  or  propylmethyldichlorosilane  (PrMeSiCl?).2  The  products  are  copo¬ 
lymers  wherein  ethyl  or  propyl  groups  in  effect  replace  a  portion  of  the  methyl 
groups. 


Improved  solubilities  were  also  obtained  in  block  copolymers  prepared 
from  well-defined  chloro-  and  lithio-terminated  oligomeric  polysilanes.5  These 
materials  showed  coherent  film- forming  abilities  (as  cast  from  solutions)  not 
observed  in  earlier  candidates. 

One-step  preparations  of  tractable  polycarbosilanes  were  achieved 
through  silicon-carbon  bond-forming  reactions  of  mixtures  of  vinylic  or  chloro- 
methyl  (ClC^Si*)  silanes  with  other  chlorosilanes.4*5  The  reactions  occurred 
during  K  metal  dechlorinations  of  such  mixtures,  providing  polymers  which  were 
directly  convertible  to  SiC  ceramic  compositions  by  unconfined  pyrolysis. 
Backbone  branching  at  silicon  atoms  was  recognized  as  essential  for  practical 
conversion  of  such  polymers  to  SiC. 
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The  isolation  of  silylated  tetrahydrofuran  (THE)  derivatives  from  cer¬ 
tain  KAHF  dechlorinations  provided  evidence  for  THF  side  reactions  previously 
unobserved  in  active  metal/chlorosilane  chemistry.6 

The  incorporation  of  hydrosilyl  ("SiH)  groups  into  the  above  polycar- 
bosilanes  by  use  of  methvldichlorosilane  (MeSiHC^)  as  a  monomer  provided 
improved  ceramic  yields.'*®  Polycarbosilanes  with  and  without  "SiH  groups  were 
successfully  spun  to  preceramic  fibers  through  a  subcontracted  effort  at  Albany 
International  Research  Company. 

The  importance  of  backbone  branching  at  silicon  atoms  in  providing  good 
ceramic  yields  was  confirmed  by  preparing  branched  polysilahydrocarbons  via  K 
dechlorination  of  chlorosilanes  in  the  presence  of  hydrocarbon  olefins,  such  as 
styrene  or  isoprene.9* 10  The  use  of  MeSiHCl2  again  provided  polymers  with 
improved  ceramic  yields,  with  a  copolymer  derived  from  MeSiHClVisoprene  per¬ 
forming  well  in  ceramic  screening  at  the  Naval  Research  Laboratories. 

The  use  of  Na  metal,  specifically  in  certain  solvent  blends,  as  a  dech- 
lorinating  agent  for  mixtures  of  CH2=CHSiMeCl2  with  other  chlorosilanes,  pro¬ 
vided  vinylic  polysilanes  which  were  excellent  ceramic  precursors. 11*12  The 
vinyl  groups  provide  a  means  of  non-oxidative  curing  or  crosslinking,  an  effect 
which  is  also  enhanced  by  "SiH  groups,  and  which  is  a  major  advantage  in  pre- 
ceramic  processing.  Very  promising  results  have  been  achieved  at  NRL13  with 
vinylic  polysilanes  in  ceramic  matrix  testing. 

Program  Conclusions 

The  above  achievements  have  led  to  the  following  conclusions: 

•  High  molecular  weight  polydimethylsilanes  can  be  prepared,  but  are 
not  useful  in  terms  of  currently  desired  physical  properties. 

•  Solubility  properties  are  improved  by  replacing  a  portion  of  the 
methyl  groups  with  larger  hydrocarbon  groups,  such  as  ethyl  or 
propyl  groups,  or  by  preparing  block  copolymers. 

•  Block  copolymers  consisting  of  dimethylsilyl  or  diethylsilyl  oli¬ 
gomeric  blocks,  and  diphenylsilyl  oligomeric  blocks,  show  film- 
forming  capabilities,  as  well  as  improved  solubilities. 

•  Potassium-derived  polycarbosilanes  are  effective  precursors  for 
silicon  carbide  ceramic  compositions,  with  backbone  branching  at 
silicon  atoms  being  an  essential  structural  feature. 

•  Tetrahydrofuran  is  not  a  totally  inert  solvent  in  potassium  dech¬ 
lorinations,  and  provides  low  yields  of  ring-intact  silylated 
derivatives. 


Branched  polysilahydrocarbons,  derived  from  chlorosilanes  and 
hydrocarbon  olefins  such  as  styrene  or  isoprene  by  potassium  dech¬ 
lorination,  are  also  effective  SiC  ceramic  precursors. 
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•  Vinylic  poly silanes,  which  form  backbone  branches  at  silicon  atoms 
via  thermal  crosslinking,  are  very  effective  SiC  ceramic 
precursors. 

•  Hydrosilyl  modification  of  polycarbosilanes,  polysilahydrocarbons, 
and  vinylic  polysilanes  provides  polymers  with  enhanced  ceramic 
yields. 

Program  Participants 

Supervisors 

Thomas  C.  Williams  -  1  May  1975  -  31  December  1980. 

Bernard  Kanner  -  1  January  1981  -  30  July  1983. 


Principal  Investigators 

John  P.  Wesson  -  1  May  1975  -  31  August  1979. 

Curtis  L.  Schilling,  Jr.  -  1  September  1979  -  30  July  1983. 


Laboratory  Assistants 

Timothy  Donohue  -  1977-78  -  Irregular. 

Deborah  Williams  -  1  November  1980  -  28  February  1982. 
Juan  Alfonso  -  1  January  1982  -  30  July  1983. 


ORGANOSILANE  POLYMERS,  VIII 


4 


Inclusive  List  of  References 


la.  Organosilane  Polymers,  Is  Poly(dimethylsilylene) ,  J.  Polym.  Sci.,  Polym. 
Chem.  Ed.,  17,  2833  (1979). 

b.  ONR  Technical  Reports,  December  1976  and  December  1977. 

2a.  Organosilane  Polymers,  II:  Copolymers  of  Dimethylsilylene  with  Ethylmethyl 
and  Methyl  Propyl  Silylenes,  0.  Polym.  Sci.,  Polym.  Chem.  Ed.,  _18,  959 
(1980). 

b.  ONR  Technical  Report,  December  1978. 

3a.  Organosilane  Polymers,  III:  Block  Copolymers  of  Dialkylsilylenes  with 
Diphenylsilylenes,  J.  Polym.  Sci.,  Polym.  Chem.  Ed.,  J7,  65  (1981). 

b.  ONR  Technical  Report,  April  1980. 

4a.  Organosilane  Polymers,  IV:  Polycarbosilane  Precursors  for  Silicon  Carbide, 
Am.  Ceram.  Soc.  Bull.,  62,  912  (1983). 

b.  J.  Polym.  Sci.,  Polym.  Symposia,  in  press. 

c.  ONR  Technical  Report,  April  1981. 

5.  U.S.  Patent  Application,  Serial  No.  209,151,  filed  November  21,  1980,  and 
continuations-in-part . 

6.  Silylated  Tetrahydrofuran  Derivatives,  ONR  Technical  Report,  December  1982. 

7.  Organosilane  Polymers,  V:  Hydrosilyl -Modified  Polycarbosilane  Precursors 
for  Silicon  Carbide,  ONR  Technical  Report,  September  1983. 

8.  U.S.  Patent  Application,  Serial  No.  479,745,  filed  March  28,  1983. 

9.  Organosilane  Polymers,  VI:  Branched  Polysilahydrocarbon  Precursors  for 
Silicon  Carbide,  ONR  Technical  Report,  September  1983. 

10.  U.S.  Patent  Application,  Serial  No.  Unknown,  filed  September  30,  1983. 

11.  Organosilane  Polymers,  VII:  Sodium-Derived  Vinylic  Polysilanes,  ONR 
Technical  Report,  September  1983. 

12.  U.S.  Patent  Application,  Serial  No.  480,700  filed  March  31,  1983. 


13.  Ceramic  screening  tests  were  performed  in  Ceramics  Branch,  Naval  Research 
Laboratories,  under  Dr.  Roy  Rice. 


DL/ 413/83/0 1 
GEN/413-2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  GEN 


No. 

Copies 

Office  of  Naval  Research  2 

Attn:  Code  413 
800  N.  Quincy  Street 
Arlington,  Virginia  22217 

ONR  Pasadena  Detachment  1 

Attn:  Or.  R.  J.  Marcus 
1030  East  Green  Street 
Pasadena,  California  91106 

Commander,  Naval  Air  Systems  1 

Command 

Attn:  Code  310C  (H.  Rosenwasser) 
Washington,  D.C.  20360 

Naval  Civil  Engineering  Laboratory  1 

Attn:  Dr.  R.  W.  Drisko 

Port  Hueneme,  California  93401 

Superintendent  1 

Chemistry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  D.C.  20375 

Defense  Technical  Information  Center  12 

8uilding  5,  Cameron  Station 
Alexandria,  Virginia  22314 

DTNSRDC  1 

Attn:  Dr.  G.  Bosmajlan 
Applied  Chemistry  Division 
Annapolis,  Maryland  21401 

Naval  Ocean  Systems  Center  1 

Attn:  Dr.  S.  Yamamoto 
Marine  Sciences  Olvision 
San  Oiego,  California  91232 


No 


Naval  Ocean  Systems  Center 
Attn:  Technical  Library 
San  Diego,  California  92152 


Naval  Weapons  Center 
Attn:  Dr.  A.  8.  Amster 
Chemistry  Division 
China  Lake,  California  93555 

Scientific  Ar-  ‘sor 
Commandant  r  ,_i.a  Marine  Corps 
Code  RD-1 

Washington,  .C.  20380 

Dean  Will  ia  ,  "!es 
Naval  Postgi •  ate  School 
Monterey,  Cal ifornia  93940 

U.S.  Army  Research  Office 
Attn:  CRD-AA-IP 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 

Mr.  Vincent  Schaper 
DTNSRDC  Code  2830 
Annapolis,  Maryland  21402 

Mr.  John  Boyle 

Materials  Branch 

Naval  Ship  Engineering  Center 

Philadelphia,  Pennsylvania  19112 

Mr.  A.  M.  Anzalone 
Administrative  Librarian 
PLASTEC/ARRADCOM 
Bldg  3401 

Dover,  New  Jersey  07801 


l 


DL / 413/83/0 1 
356B/413-2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  356B 


Or.  C.  L.  Schilling 
Union  Carbide  Corporation 
Chemica>and  Plastics 
Tarrytown  Technical  Center 
T^rrytown,  New  York 

Dr.  A.  G.  MacDiarmid 
Department  of  Chemistry 
University  of  Pennsylvania 
Philadelphia,  Pensylvania  19174 

Dr.  E.  Fischer,  Code  2853 
Naval  Ship  Research  and 
Development  Center 
Annapolis,  Maryland  21402 

Dr.  H.  Allcock 
Department  of  Chemistry 
Pennsylvania  State  University 
University  Park,  Pennsylvania  16802 

Or.  M.  Kenney 
Department  of  Chemistry 
Case  Western  University 
Cleveland,  Ohio  44106 

Or.  R.  Lenz 

Department  of  Chemistry 
University  of  Massachusetts 
Amherst,  Massachusetts  01002 

Dr.  M.  David  Curtis 
Department  of  Chemistry 
University  of  Michigan 
Ann  Arbor,  Michigan  48105 

NASA-Lewis  Research  Center 
Attn:  Or.  T.  T.  Serafini,  MS  49-1 
21000  Brookpark  Road 
Cleveland,  Ohio  44135 


Dr.  R.  Soulen 

Contract  Research  Department 
Pennwalt  Corporation 
900  First  Avenue 

King  of  Prussia,  Pennsylvania  19406 

Dr.  G.  Goodman 
Globe-Union  Incorporated 
5757  North  Green  Bay  Avenue 
Milwaukee,  Wisconsin  53201 

Dr.  Martin  H.  Kaufman 
Code  38506 

Naval  Weapons  Center 
China  Lake,  California  93555 

Dr.  C.  Allen 
Department  of  Chemistry 
University  of  Vermont 
Burlington,  Vermont  05401 

Professor  R.  Drago 
Department  of  Chemistry 
University  of  Florida 
Gainesville,  Florida  32611 

Dr.  D.  L.  Venezky 
Code  6130 

Naval  Research  Laboratory 
Washington,  D.C.  20375 

Professor  T.  Katz 
Department  of  Chemistry 
Columbia  University 
New  York,  New  York  10027 

Professor  James  Chien 
Department  of  Chemistry 
University  of  Massachusetts 
Anberst,  Massachusetts  01002 


Or.  J.  Griffith 
Naval  Research  Laboratory 
Chemistry  Section,  Code  6120 
Washington,  D.C.  20375 


Professor  J.  Salamone 
Department  of  Chemistry 
University  of  Lowell 
Lowell ,  Massachusetts  01854 


Professor  G.  Wnek 
Department  of  Materials  Science 
and  Engineering 

Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 


Dr.  S.  Cooper 
Department  of  Chemistry 
University  of  Wisconsin 
750  University  Avenue 
Madison,  Wisconsin  53706 


01/413/83/01 

3568/413-2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  3568 


Professor  0.  Grubb 
Department  of  Materials  Science 
and  Engineering 
Cornell  University 
Ithaca,  New  York  14853 

Professor  T.  Marks 
Department  of  Chemistry 
Northwestern  University 
Evanston,  Illinois  60201 

Professor  C.  Chung 
Department  of  Materials  Engineering 
Rensselaer  Polytechnic  Institute 
Troy,  New  York  12181 

Professor  Malcolm  8.  Polk 
Department  of  Chemistry 
Atlanta  University 
Atlanta,  Georgia  30314 

Dr.  0.  8.  Cotts 
SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  California  94205 

Dr.  Kurt  Baum 
Fluorochem,  Inc. 

680  S.  Ayon  Avenue 
Azuza,  California  91702 


Professor  H.  Hall 
Department  cf  Chemistry 
University  of  Arizona 
Tucson,  Arizona  85721 


Professor  G.  Whitesides 
Department  of  Chemistry 
Harvard  University 
Cambridge,  Massachusetts  02138 

Professor  H.  Ishlda 
Department  of  Macromolecular  Science 
Case  Western  University 
Cleveland,  Ohio  44106 

Dr.  K.  Paciorek 
Ultrasystems,  Inc. 

P.0.  Box  19605 

Irvine,  California  92715 

Professor  D.  Seyferth 
Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 

Dr.  G.  Bryan  Street 

IBM  Research  Laboratory,  K32/281 

San  Jose,  California  95193 

CAPT  J.  J.  Auborn,  USNR 
AT&T  Bell  Laboratories 
Room  6F-211 
600  Mountain  Avenue 
Mur'ay  Hill,  New  Jersey  07974 
A 


